It is a matter of survival, not of the fittest but of the smartest. Plants and their pathogenic microbes are in constant interaction trying to overcome each other's arsenal of weapons. On one side, plants produce antimicrobial compounds that are designed to stop the bugs; on the other side, pathogens produce molecules that sabotage host defenses. Understanding the precise mechanisms underlying this fascinating, yet-potentially devastating interaction, is at the heart of the manuscript by Tomczynska and collaborators at the University of Fribourg, Switzerland.
To communicate with the external environment, plant cells rely on the activity of the secretory pathway, a set of organelles that ships products originated at the endoplasmic reticulum to their final destination outside the cell via vesicular transport. Vesicular transport is complex and comparable to traffic in a busy town during rush hour when a variety of cars (i.e., the vesicles) transport their cargo (i.e., the commuters) to their destinations passing through many roads and junctions (i.e., intermediate compartments). In real life in the plant cell, cargo proteins include antimicrobial proteins that are destined for secretion to encounter pathogens in the extracellular space. The traffic of secretory proteins is highly regulated and is facilitated by small proteins, including members of the RAB-GTPase family. Being key traffic wardens makes RABGTPases palatable targets for pathogens that aim to interfere with secretion of antimicrobial compounds. Are Rabs some of the key targets in the plant-pathogen battlefield?
In this manuscript, Tomczynska and collaborators address this specific question by identifying the mechanisms that allow Phytophthora species, which are potential causes of food shortage across the globe, to overcome host defenses. By using a specific evolutionary conserved RxLR-type virulence protein of Phytophthora as a bait, they identified members of the RABA-GTPase subfamily as direct virulence targets. Using various fluorescent protein fusions, including fusions to antimicrobial proteins, the authors were able to show that a RxLR protein co-localized with RABA1a to secretory vesicles and the plasma membrane and that its presence blocked the secretion of PATHOGENESIS RELATED PROTEIN 1 (PR-1) and DEFEN-SIN (PDF1.2), which normally would aid the plant with blocking pathogen growth in the extracellular space.
The results from this work are innovative as they reveal to the identity of specific traffic regulators in the constant plant-pathogen battle. This work also highlights the product of an exquisite evolution of defense and offense mechanisms, whereby plants have developed antimicrobial strategies that have been acknowledged and responded by the microbes' community via the invention of effectors that block critical regulators of the plants' defense mechanisms.
Is this microbe-plant case unique? Other effectors of filamentous pathogens were shown to target components of the secretion machinery. The BEC4 effector of the powdery mildew fungus Blumeria graminis was shown to target an ADP ribosylation factor-GTPase activating protein (ARF-GAP) that controls the activity of another class of small GTPases with functions in secretion (Schmidt et al., 2013) and the Avr1 effector of Phytophthora infestans was found to inhibit secretion by binding to the exocyst component Sec5 (Yu Du et al., 2015) . However, in contrast to these examples, the newly described Phytophtora effectors have multiple targets all belonging to the RABA GTPase subfamily that includes 24 members in Arabidopsis. Hence, this effector class can serve as a molecular tool to differentiate between RABA-dependent and RABA-independent secretion. The secretion of the two antimicrobial proteins PR-1 and PDF1.2 is inhibited, whereas the secretion process of another protein was unaffected. A major insight of general interest is that RABA proteins control the trafficking of a subpopulation of secretory vesicles. Therefore, it may be possible to identify determinates and cargo molecules that make the differences in the intricate vesicular transport along the secretory pathway. Indeed, a next research aim of the group is to find out what else is transported in RABA-dependent vesicles and to see whether or not these vesicles are specialized in transporting cargo enriched in defense-related compounds.
The work by Tomczynska and collaborators offers exciting insights on the mechanisms to improve plant defense by increasing the size of the toolbox that plant growers can adopt to ensure crop productivity using less pesticides. For example, one can think about the potential to isolate crops with RABs that are insensitive to described RxLR effector proteins and naturally overcome pathogen attacks. Maybe this will ignite the evolution of new effector proteins, but time may tell whether the microbes will outsmart plants again.
